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ABSTRACT 



Cognitive Radio technology helps in designing wireless system for efficient deployment of radio spectrum with 
its sensing technique, self-adaptation and spectrum sharing. Spectrum sharing is an effective method of alleviating the 
scarcity of radio spectrum problem by allowing unlicensed users(secondary users) to coexist with licensed users 
(primary users) under the condition of protecting the later from harmful interference. In this paper, we emphasis on the 
throughput maximization of spectrum sharing cognitive radio networks and propose an innovative cognitive radio system 
that will significantly improve their achievable throughput more specifically, a novel receiver and a frame structure for 
spectrum sharing is introduced. The problem of optimal power allocation strategy that maximizes the ergodic capacity of 
the system under average transmit and interference power constraints is also studied. The simulation results will 
demonstrate the improved ergodic through put achieved by the proposed cognitive radio system in comparison with 
conventional spectrum sharing cognitive radio systems. 
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A recent survey of spectrum utilization made by the Federal Communications Commission (FCC) has indicated 
that the current fixed spectrum allocation policy has resulted in several bands being severely underutilized both in temporal 
and spatial manner [1], the actual licensed spectrum is largely underutilized in vast temporal and geographic dimensions. 
To solve the problem of spectrum scarcity and spectrum underutilization, the use of CR technology[2],[3] is being 
considered because of its ability to rapidly and autonomously adapt operating parameters to changing requirements, 
conditions and eliminate the spectrum scarcity problem and support the increasing demand for wireless communications by 
allowing unlicensed (secondary) users to access licensed frequency bands, under the condition of protecting the quality of 
service (QoS) of the licensed (primary) networks. Cognitive radio (CR), as an agile radio technology, has been proposed to 
promote the efficient use of the spectrum. 



The approaches have been developed for cognitive radio so far, regarding the way a secondary user accesses the 
licensed spectrum: i) through opportunistic spectrum access (OSA), also known as interweave scheme, according to 
whicha secondary user accesses a frequency band only when it is detected not being used by the primary users [5], and ii) 
through spectrum sharing (SS), also known as underlay scheme, based on which the secondary users coexist with the 
primary users under the condition of protecting the latter from harmful interference [6], [7]. Recently, a third hybrid 
approach was proposed, aiming to increase the throughput of the two aforementioned schemes, in which the secondary 
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users initially sense for the status (active/idle) of a frequency band (as in the OSA) and adapt their transmit power based on 
the decision made by spectrum sensing, to avoid causing harmful interference (as in SS) [8]. A secondary user that employs 
the frame structure ceases data transmission at the beginning of each frame, performs spectrum sensing for r units of time, 
in order to determine the status (active/idle) of the frequency band, and uses the remaining frame duration T — r for data 
transmission. Therefore, an inherent tradeoff exists in this hybrid approach between the duration of spectrum sensing and 
data transmission. This trade off was studied in [8] and [9] for the ergodic throughput of cognitive radio networks and is 
similar to the one seen in opportunistic spectrum access cognitive radio networks [10]. In this paper, we focus on the 
throughput maximization of spectrum sharing cognitive radio networks by considering hybrid approach and propose a 
novel cognitive radio system that overcomes the sensing -throughput tradeoff problem. This is achieved by performing 
spectrum sensing and data transmission simultaneously, which results in the maximization of both the sensing time and the 
data transmission time, hence the throughput of the cognitive radio network. 

PROPOSED APPROACH 

In the cognitive radio system presented in Figure 1 let g and /zfergodic, stationary jdenote the instantaneous 
channel power gains from the secondary transmitter (SU-Tx) to the secondary receiver (SU-Rx) and the primary receiver 
(PU-Rx), respectively. In the following, it is described how the proposed spectrum sharing scheme operates and present the 
receiver and frame structure employed in this cognitive radio system. In practice, the channel power gain h can be obtained 
via, e.g., estimating the received signal power from the PU-Rx when it transmits, under the assumptions of the 
pre-knowledge on the PU-Rx transmit power level and the channel reciprocity. 
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Figure 1: System Model 
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Figure 2: Receiver Structure of the Proposed Cognitive Radio System 

The receiver structure of the proposed cognitive radio system is presented in Figure 2. The received signal at the 
secondary receiver is given by 



y = 9x p + x s + n 



(1) 
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where6> denotes the actual status of the frequency band (6 = 1 if the frequency band is active, whereas = if the 
frequency band is idle), xp and xs represent the received signal from the primary users and the secondary transmitter, 
respectively. Finally, n denotes the additive noise. The received signal y is initially passed through the decoder, as depicted 
in Figure 4, where the signal from the secondary transmitter is obtained. In the following, the signal from the secondary 
transmitter is cancelled out from the aggregate received signal y and the remaining signal 

y = 6x p + n (2) 

Is used to perform spectrum sensing. As a result, instead of using a limited amount of time r almost the whole 
duration of the frame T can be used for spectrum sensing under the proposed cognitive radio system. This way, we are able 
to perform spectrum sensing and data transmission at the same time and therefore maximize the duration of both. 
In the receiver facilitates the use of more complex spectrum sensing techniques that exhibit increased spectrum sensing 
capabilities, but require higher sensing time (such as cyclostationary detection, Generalized Likelihood Ratio Test 
(GLRT)-based or covariance-based spectrum sensing techniques), which prohibits their application for quick periodical 
spectrum sensing under the frame structure. 
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Figure 3: Frame Structure of the Proposed Cognitive Radio System. 

The frame structure of the proposed cognitive radio system presented in Figure 3 both spectrum sensing and data 
transmission are performed at the same time using the receiver structure as discussed earlier. The advantage of the 
proposed frame structure is that the spectrum sensing and data transmission times are simultaneously maximized. 
The increased sensing time enables the detection of very weak signals from the primary users thus reducing false alarm 
probability that would significantly remove discontinuity hence increasing the throughput of the cognitive radio system. 
Using the proposed frame structure leads to an improved detection probability, thus better protection of the primary users 
from harmful interference which enables a better use of the available unused spectrum. The false alarm prevents the 
secondary users from accessing an idle frequency band using higher transmit power, and therefore limits their throughput 
as per requirement. The continuous spectrum sensing can be achieved under the proposed cognitive radio system, which 
ensures better protection of the primary networks. 

ERGODIC CAPACITY OF PROPOSED SPECTRUM SHARING SCHEME 

In this section, the problem of deriving the optimal power allocation strategy that maximizes the ergodic capacity 
of the cognitive radio network that operates under the proposed spectrum sharing scheme is discussed. In the proposed 
cognitive radio system, the secondary users adapt their transmit power at the end of each frame based on the decision of 
spectrum sensing, and transmit using higher power PO when the frequency band is detected to be idle and lower power PI 
when it is detected to be active. Following the approach of [6], [12], [17], the instantaneous transmission rates when the 
frequency band isidle (HO) and active (771) are given by 



www.tjprc.org 



editor@tjprc.org 



64 



Nimmivenugopal & Manoj Dongre 



r =log 2 (l+5) 

ri=log 2 (l + -gM (3) 

respectively, where cr2/? denotes the received power from the primary users. The latter parameter restricts the 
achievable throughput of all spectrum sharing cognitive radio networks and indicates the importance of spectrum sensing 
and optimal power allocation on the throughput maximization of spectrum sharing cognitive radio networks. However, the 
perfect spectrum sensing may not be achievable in practice, where the actual status of the primary users might be falsely 
detected. Therefore, the four different cases of instantaneous transmission rates based on the actual status of the primary 
users (active/idle) and the decision of the secondary users (primary user present/absent) as follows: 

r 00 =log 2 (l+5) 
r 01 =log 2 (l+5) 



r„=tog2(l + -gM (4) 

Here, the first index number of the instantaneous trans missionrates indicates the actual status of the primary users 
("0" foridle, "1" for active) and the second index number, the decision made by the secondary users ("0" for absent, "1" for 
present) In order to keep the long-term power budget and effectively protect the primary users from harmful interference, 

We consider an average (over all fading states) transmit and interference power constraint that can be formulated 
as follows: 

E g . h {P(H ){l - P fa )P + P(H )P /a P 1 + PCHJCL - P d )P + PQijPaPJ < P av 

EgAP&JCL - P d )hP + PiHjPahPJ < r (5) 

Where P(H0) and P(Hl) denote the probability that the frequency band is idle and active, respectively, Pd and Pfa 
represent the detection and false alarm probability, respectively, whereas Pav denotes the maximum average transmit 
power of the secondary users, and T the maximum average interference power that is tolerable by the primary users. The 
reason for choosing an average interference power constraint is based on 

the results in [13] and [18], which indicate that an average interference power constraint leads to higher ergodic 
through put for the cognitive radio system, and provides better protection for the primary users compared to a peak 
interference power constraint. 

Finally, the optimization problem that maximizes the ergodic through put of the proposed spectrum sharing 
cognitive radio system under joint average transmit and interference power constraints can be formulated as follows: 

maximize C = Eg. h {P(Hi)P d ru + P(H )P fa r 01 + P(HJ(1 ~ P d)r 10 + P(H )(1 - P fa )r 00 ] (6) 

Subject to (4), (5), P0 >0, PI >0. (6) 

The Lagrangian with respect to the transmit powers P0 and 
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PI is given by 
L(P ,P 1 ,\,n) = 

E g . h { P^Par^ + P^Pf^ + PiH^l-P^+PiHoXl-Pfa^-^E^ { PQi ){l - P fa )P + 
P(H )PfaPi + PiH.Xl - P d )P + PiHjPaPJ + X P av - ^{P^Xl - P d )hP + PiHjPahPJ + /ir (7) 

Whereas the dual function can be obtained by 

d(x,/i) = supLCPo,?!^,^) (8) 

In order to calculate the dual function d(X, fi), the supremum of the Lagrangian with respect to the transmit powers 
PO and PI needs to be obtained. We therefore apply the primal -dualde composition method [19], which facilitates the 
solution of the joint optimization problem by decomposing it into two convex single-variable optimization problems, one 
for each of the transmit powers PO and PI, as follows: 

Sub problem 1 : 

maximize 

/po>o; 



fi(P ) = Eg^PtfiXl - P d )log 2 (l + -gM + P(tf )(l - P /a )log 2 (l + ^)} 



x E g . h {P(H )(l - P fa )P + PQIJQ. - P d )P ] - nE^PQIJCl - P d )hP (9) 

Sub problem 2: 

maximize 

{Pl>0} 

h = E g h {P(H -)(P fa ) log 2 (l + 5) + PtfM) log 2 (l + -gM} - 

X Eg ^PiH^Pf^ + PdHjdPM - liE gJl [P(flOQ> d )hP l } (10) 

After forming their Lagrangian functions and applying the Karush-Kuhn-Tucker (KKT) conditions, the optimal 
powersPO and PI for given X, fi are given by 

Po = [^] 

Pt = P*&] (ID 



Where [jc]+ denotes max(0, x) 



A _ log 2 (e)(g +/? ) _ 2o$.+Qp 
x(a„+/? )+,u/? fi g 



_ log 2 (e) («!+/?!) _ 2g£+trg 
1 ^(_a 1 +p 1 )+/iP 1 h g 
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_ ^ 2 _ i r gn+fp _ l"g2Ce)(gi((Tn+gp)+^ign) -| 

And the parameters in above equations are given by 

a = P(H )(l-P fa ) 

P^PCHiXl-Pt) 

a ± = PQi -){P fa ) 

ft = PiHJiPa) 

SIMULATION RESULTS 

The figure below is a snap shot of network animator showing spectrum sensing and data transmission done by a 
secondary User simultaneously. 
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Figure 4 

The graph shown belowis the analysis of throughput versus transmission power for both conventional and 
proposed method. We know that in conventional method data transmission is done only after sensing the spectrum hence is 
throughput is less as compared to the proposed method in which spectrum sensing and data transmission is done at the 
same time. 
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Figure 5 



CONCLUSIONS 



Thus in this paper, throughput maximization of spectrum sharing cognitive radio networks is emphasised and an 
innovative cognitive radio system is proposed that significantly improves throughput more specifically , a novel receiver 
and a frame structure for spectrum sharing is also being introduced. The problem of optimal power allocation strategy that 
maximizes the ergodic capacity of the system under average transmit and interference power constraints is also studied 
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